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ARCADIS hasprepared this report to summarize and analyze the data collected during the Pre-Injecfion 
~ 	 TesC conducted at the former Boeing C-6:facifity (Site), Lot 8, Parcel C, Building 136-area in Los Angeles, 	 ~ 

Cafifornia. The Pre-lnjecfion Test was conducted onNovember 8 and 9, 2004 according to the scope of 	 ~ 

work described in Proposal to Perforn a ,Pre-7njection Test, Lot $, Building 136, Foi7ner C 6 Facility, Los  
Angeles, Califorr ia dated Novernbef l, 2004:-  

The purpose of the Pre-Injection Test was to:  

t: Verify that the bio-amendment wells can accept the full design volume of a 10 percent 
carbohydrate arnendment soluflon;  

~ 	 2:~ Develop injecfionprocedures to maximize the introducfion of solufion into water-bearing units 
from amendment points; 

1 Obtainprocess parameters (e.g., injection flow rates, injection pressures, etc.) that will be used in 
~ subsequentcarbohydrate injecfion events; and  

4: Develop conflngency plans to address unforeseen amendment system pressure/flow issues:  
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ARCA IS 

 The Pre-Injecfion Test was divided into two secfions:  

1: Tesfing of wells with injection of an un-buffered carbohydrate solution; and 

    2: Testing of wells with a buffered carbohydrate solution.                

BACKGROUND 

 The overlying issues that ptompted the injection test at Lot 8, are the difficulfies encountexed in the   
  injecfion progxam at the Boeing C-6; Building 2 site. Since the fuB-scale design of the3njection program  ~ 

  forLot 8 has;not been finafized, a pilot injection test was deemed beneficial to evaluate the integrity of the   
bio-amendment injection wells, teet alternate buffers, and collect field data for designing the injecfion 
 syetem and proceespararneters to beused during future injection events. Currently, the Lot 8 eite is  

~ undaveloped and modifications to the final injection design can be implemented without eignificant impact  
to the'project. 

RESULTS OF PRE-INJECTION TEST 

This secfion discusses the field acfivities and results from the November 8 and 9, 2004 injecfion tests, 
including: 

+   Pressure at well heads      

•  Injection test data   

• Water flush data 

• Groundwater lavels in monitoring wells  

Pressure at well heads         

 Pressure build-up from the production of gas through physical or chemical reactllon of the injecfion solufion   
  has been an iesue during injecfion evente at the Boeing C6, Building 2 site. Wellhead preesure data was  
 recorded during the Lot 8 injectlon event to test the generation of gas due to buffering'eolutlons,<reaction of 

 the carbohydrate solufion with formafion watex ;  or fermentafion. Pressure data was recordedprior to  
 injecfion, before and after water flushing, and one week after the test: The wellhead preeeure data is  

presentedbelowr 

. . 	
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Wellhead Pressure Datai 

Well Date Buffer• 
Before 

 In,lection 
After 

In,lection 
Comments 

11/08/04 Nona 0.0psi -22 in Hg Amendment addifion; Flushed (11/09) 

AW0095C 11/10704 2:0 psi No injecE"ion conducted this day 

11/15/04 8.0 psi No injectionconducted this dag 

11/08/04 None 0.0 psi -28 in Hg Amendment addifion; Flushed (11/09) 

AW0098B 11/10704 1:0psi No injecE"ion conducted this day 

11/15/04 1.0 psi No injectionconductedthie day 

11/09/04 
Sodium 

Phosphate 
0.0 psi -26 in Hg Amendment addifion 

AW0033C 
11/10/04 ~  13 psi -20 in Hg Flushed with potable water. 

11/15/04 1L:5psi No injecfiomconducted this day 

t1/09/04 
Sodium 

Phosphate 
0.0psi 

~ 	 ~ 	~ 
NM 

Amendment addifion           
AW0077B 

11/10/04 13 psi -14 in Hg Flushed withpotable water. 

11/15/04 3.0 pei No injection conducted this day 

 Notes: psi = pounds per square inch; in Hg= inches of inercury; and NM = not measured 

The wellhead pressure data collected during this test indicates a build-up of preseure in all amendment   
points: Buffering the solufion did'not have a signifieant effect on the generation of pressure: Tha pressure  
data collected on November 15, 2004; revealed increased pressure in the amendment points screened within  
the C-Sand formation: Becauee the un-buffered amendment solufion reacted eimilarly to the buffered 
amendment solufion, it can be concluded that'the buffer does not eignificantly affect gas generation and  
pressure:Pressurebuild-up can be attributedtogasgenexafionfrom fermentationof thecarbohydrate  
 solufion, and the inability of the formafion to dissipate the;gas pressure.   

Injection Data 

Injection volumes, in the Boeing C6; Building 2 Bio-Amendment Injection Plan are based on a target 
 concentcafion of total organic carbon (TOC)"in:the formafion, the half fife of the donor,substcate   

(amendment); and on the effective injecfion radius. The flesign volume for the Lot 8 welle, based on 48 	~ 

 gallons of injecfion solut'ion per foot of well screen, was 1;200 gallons per amendmentpoint.   

 Beginning on November 8; 2004, an injection test was conducted on the selected amendment points at Lot 
   8, Building 136 to collect field data bf injecfion parameters for thefull designvolume of 1,200 gallons. The   

.. 	: 	..... 	
....... 	....... 	
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 amendment points selected,for the test injecfion were those that accepted water at the stowest flow rates   
       during theweB seal tesfing perfortned by Haley & Aldrich: Thie injection teef was conducted using a      

5,000-gallon'food grade tanker truck containing 2;400 gallons of an un-buffered molasses solufion on the 
 fnet day and 2;400 gallons of a sodium phosphate buffered molasses solufion on the second day. Inorder to  
 minimize coets and expedite data collection and analysis;;each injecfion was Fimited to one day: The tanker   
 tcuck was connected directly to a 12-arm injection manifold that was mounted in the back of a pick-up tcuck   
  to deliver the soluflonto two arnendmentpoints: Each arm of theinjecfion manifold coneisted of a flow 

  conteol valve; flow totafi2er, checkvalve, and pressure gauge. This equiprnentand instnnnentaflon was  
used to monitor the injection flow rate and pressure at each amendment point during the injection Yest. 

The design injection volume for each well was'1,200 gallons of amendment solufion. Four test welle were   
  selected, two teet welle screened in'the B-Sand (AW0077B and AW0098B) and two test wells screened in 

the C-Sand (AW0074C and AW0095C). Each type of eolufion—un-buffered and buffered wasinjected  
into the testwells screened within the B and C-Sand: Solution was delivered to two amendment pointe per  
truck load ueing the hydraulic pump on the tanker truck. To adhere to the proposed injecfion echedule and   
avoid disposal costs forunused solufion; arnendment solufion was diverted to the fastest flowing-    
amendment point if it was deterntined that the volume could not be completedbefore the end of the day. A ~  

   eununary of injecfion data ispresented below:           

Ini ecfion Data Sununary              

WeII Date 	~ ~ 

Volume 
(gallons) ~ 

~ F1ow Rate 
(gpm)  

Injection Pressure 
 (psl) 

COmments    

AW0095C i l/08/04 747 0:9 = 2.3 17 - 25 Without buffer 

AW0098B 11/08/04 1,584 2.5=5.0 16-25 WithoutbuffeY 

AW0033C 11/9/04 1;328 16:0-16.5 12 Sodiumphosphate buffer 

AW0077B 11/9/04 1 ;068 0:2 – 4.8 20 -;27 Sodium phosphate buffer 

Note: gpm = gallons per minute; psi = pounds per square inch. 

It was observed during injecfion into AW0077B that the flow rate quickly diminished from an initial 
 injecfion flow rate of 4.8 gallons per minute to less than one gallon per minute after injection of   

approximately 900 gallons; This observation was not typical in the other amendmentpoints, and may be 
attributed to gas accumulation in the well or a limitation in the hydraulic capacity of the aquifer in this area. ~  

 Another field observation was the formaflon of a"brown coagulate" in the injectlon solufion. Based on 
discussions with the molasses supplier, solufionmixing and delivery'facility personnel; and Senior 
ARCADIS technicalpersonnel, it was concluded that the material was an accumulafion of dead yeast cells 
in the molasses solufion. Although the solution'was filtered prior to delivery to the site; fermentafion 
occure during traneport to the site and in the tanker truck during thcinjecfion and mayhave led to a  
proliferafion of yeast inthe tankerduring traneport. Complete injection data and field obeervafions!for the   
pre-inject'iontestareprovidedinTablel.        

. 	 .. 	 . 	.. 	 . 	 . 	.. 	 .. 	 .. 	Page  
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Water Flush 

 In order to prevent bio-foufing, the amendment pointe were fluehed with potable water after the last day of   
     injection. The reeulte of the water flueh are presented balow:         

Water Flush Data: 

Well bate 
V olume
(gallons) ~ 

Comrnents 

AW0095C 11/09/04 50;2 Normalpotablewater flueh: 

AW0098B - 11/09/04 58.3 Normal potable water flush. 

AW0033C 11/10/04 50:4 Norrnal potable water flush. 

AW0077B 11/10/04 50:1 Normal potable water flush. 

Groundwater Level Measurements 

Groundwater levels weresecorded ueing data loggere that were placed in eelected amendment pointe and  
monitoring welle by a field representative frorn Haley & Aldrich. Haley Bz Aldrich provided transducer  
data from the six monitoring and amendment wells. The groundwater elevation data collected during the 
injecfion period was plotted on graphs to evaluate the influence of the amendment injection on the 
groundwater table. Figures 1 through 9 contain the groundwater elevaflon data versusYime. The following 

 ie a summary of the data and observafione made during the pre-injecfion teste:          

November 8, 2004 Amendment DelIverV:  

• AW0033C Minimal influence was observed (Figure 1). This influence can be attributed to the 
 long distance (265sand 275 feet) between the amendmentpointe and the obeervation well. 	 ~ 

• AW0050C An unueually large decrease (1 foot)'in elevafion occurred at approximately IIt00  
 a.m: i7ther than thie point; fluctuaflone of leee than l inch were obeerved (Figure 2). The  

amendment pointerwere 200 and 240 feet away: Thie data suggeste that the amendment injection  
hae niinimal influence on groundwater elevafion'at thie distance.    

• AW0082C A decrease (approximately 2.5 inches) in elevafion occurred at approximately 11:00 
 a.m.; similar to AW0050C (Figure 3). Amandmentpointe AW0095C and AW0098B arei170 feet  
 to the eouthwe9t; and 100 feet to the west southweet of AW0082C, reepectively:   

• TMW08 — An increase in groundwater elevaflon ofapproximatelyl inchwae observed (Figure 4). 
 Amendment pointe AW0095C and AW0098B arz 90 feet to the northweet, and 60 feet to'the north  

 ~ northeaet of TMW08, reepectively. A sfight decreaee wae obeerved while well AW0095C'wae 

: 	... 	..... 	.. 	::: 	: 	
Page 	
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  taken offline for repair. A gradually decrease in groundwater elevafion was obeerved after tesfing  
was completed. 

     November 9, 2004 Amendment Defivery:       

 • AW0050C An approximate 0.5 foot increase in groundwater elevaE"ion was observed (Figure 5).  
   The increaeewas observed concurrent to amendment injecfioninto>amendment point AW0033C  

       (90 feet to the northwest): Both points are screened in the C-Sands:        

 • AW0082C A sharp decrease of approximately 3:5 inches ln elevation was obsarved at    
approximately 10:00 a.m. (Figure 6). The amendment points are 170 and 210 feet away: This data  

  suggeete that the ainendment'injecfion`has minimal influence on groundwater elevation at these 	~ 

distances. 

• AW0095C An observed increase o£ over 8 inches in groundwater elevafion (Figure 7) correlates  
  with the amendment defivery into amendment point,AW0077B 90 feetaway to the north northwest,   

~ although the two points are ecreened in two different sand zones (B and C-Sande). This   
 observafion suggests that amendment point AW6033C, 270 feet to the uorth, has minimal impact 
 on this monitoring well due to the distance between the wells.  

• AW0098B An increase in elevafiomof nearly 2 feet was observed in the data (Figure 8). There 
was onepoint showing a sudden increase of elevation of over 7 feet that was considered to be an 

 anomaly. A gradual decrease in groundwater elevation also coincides with the termination of the  
 injecfion test. The data suggests that amendment point AW0077B, 85 feet to the notth„influenced  
 the groundwater elevation in this>observation well: Amendment point.AW0033C is 275 feet away, ~ 

   and screened in a different sand zone:           

• T1vIW08 — A gradual increase of 0.5 inches was observed (Figure 9). The amendment pointe were   
 170'(AW0077B) and 200 feet (AW0033C) awaq: This data suggests that the amendment points   
 have niinimal influence on groundwater elevafion at theee dietances:    

Based on the groundwater elevafion data colleeted from the monitoring welle ;  groundwater influence can be   
mea"sured at dietances up to 90 feet from the injection well's.                 

Groundwater Sample Results 

Groundwater eamples wexe collected from AW6082 and AW0103 on January 14, 2005 and submitted to 
Severn TrentLaboratories ;  Inc. The samples were analqzed for TUC, volafile orgariic compounds (VOCs), 

 and total alkalinity. The groundwater samplee were collected with disposable bailers due to well aceess  
  Hmitations because of rainstorms ~ uo field parameters were collected: Minimal TOC concenteations were  

 detected in the two monitoring wells. Because the well`installafion on Lot 8 is currentlq in progress, the  
 bnlq two available we11s for monitoring were over 100 feet from the injection points and significant    
influence was not expected. The following table summarizes thelab results.  

. 	..... 	. 	 ... 	. 	. 	.. 	.. 	. 	
Page 	. 	
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Total 
Bicarbonate 

Well Organic 1;1-DCE cis-1,2-DCE trans-1;2=DCE TCE 
Carbon 

Alkalinity 

(mg/L) ( 	/L)  ( 	/L) ( 	/L) ( 	/L) (mg/L) 

AW0082 2:3 140 4:7 2:6 42 219 

AW0103 2:6 68 2.9 <1:0 26 172 

 Notes:.DCE.=dichloroethene; TCE.= trichloroethene; mg/L.=microgramsper.flter; µ.g/L= microgramsper.liter 	. 

Conclusions 

Data collected during the amendment injection'test on amendment points in Lot 8, suggeeted that   
fermentafion of the carbohydrate.solution is generating gas and increasing pressure in the amendment points ' 

 during injecfion. Abuffersolufion of sodium bicarbonate was used during injecfion events at the Building 
 2 site, so an alternate buffer solufion; sodiumphosphate ;  was tested in the Lot 8 wells. ~  Additionally ;  an un 
 buffered control solufion was tested: 'The data does not reflect significant differences in the "injectability"  

 of buffered versus non-buffered amendment solufions. Cias generatiiin and pressure build-up in the   
 amendmentpointewasnotdependantonthebufferingagent(or lackof buffer). Becausepressurebuildup 
  one week following the test was greater in the amendment points installed in the C sand, this would indicate  
 that the C-sand is a fighfer geologic;formation and ie 9lower in dispersing the generated gas.   

Since pressure build up was observed in both buffered and un-buffered amendment solufions, ARCADIS 
recommends eelecting an amendment solution containing a lower concentrafion of total organic carbon that  
does not ferment as rapidly as molasses. Sodium lactate has a similar half lifecas molasses and creates 

 fewer fermentafion products, and may be a suitable donor"for the site: Unless the aquifer has a low   
 buffeting capacity, ARCADTS'xecommende that buffers only be added if the groundwatermonitoring data  
~ indicates a decreasing pH level below 5.   

There were no seepages during the test injecfions, therefore it can be concluded that a maximum injection 
  pressure of 25 psi is adequate forthis eite: Injecfion flow rates willbe variable dependingon the"lithology  

of the screened interval. The slower injecfion flow rate'into AW0077B observed after approxiniately 900 
gallons of injecfion illustrates the vaeiability of injecflon flow rates during injecflon of an atnendment 
solution. This trend was not observed in aIl amendment points, and should be monitoredduring future 
injection events: 

 The only unfore'seen issue observed during the injection test was the 9low injecf"ion flow rate into two of the  
  amendmentpoints: The excess carbohydrate solufion was diverted to the amendment points that exhibited  
 ~ higher;flow rates, but only to complete the injection witTiin the one-day time'frame.    

. 	 .   	 .. 	 .. 	Page . .. 
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ARCADIS 
TABLEI - ALTERNATE AMENDMENT IN.TECTION TEST DATA ~ 

:Boeing.-. Lot.8 Area  

.~.~ 	19400.Harborgate Way. ~. 	 .~.~.~.~. 	 .~.~.~.~. 	 .~.~.~.~. 	 .~.~.~.~ . 	... 

Toaance,.CA 90501 .. 	 .... 	.... ~. 	 .~.~.~.~. 	 .~.~.~.~ . 	.. . 
ARCADIS Job Number: CA000594:0005.00006 ~~ ... 	......... 	......... 	. 

 Wejl ii Date Time 
Totalizer 
Reading: 

Ilons 

Injection 
Pressure 

 (psi 

Injection 
Flow Rate: 

m 
Injection Solution: .  . 	......... 	......... 	... 	Comments. 	........ 	......... 	.......... 

835 0 Molasses 
905 171 16 4.4 . No Bulter 

 935 297 17 3.7 
.... ........ 1030 474 18 2.9 Flow gradually sloweddown. 

11:30 629 18 2.5 
1200 740 20 3.2 
1230 854 22 3.9 

AW00988 11/8/04 1300 983. 25 4.0 
1335 1,133 25 4.0 
1352 1,200 Stopped in'ection. W ell si honed to 29" Hq atter shutdown. 

1 	14:37 1,200 Resta rted in'ection. 
..... 15:00 1,342 25 5.0 

...... 1 	1530 1 ; 437 25 4.0 
1 	1600 1,527 25 <1.0 

16:30 1 	1,564 1 1 lWell si honed to 28"Hq atter shutdown. 
835 0 Molasses 
905 59 17 2.0 . No Bulter 

 935 124 17 2.0 
.... ........ 11:05 Stopped in'ection trom 9:05 to.11:05 . 

11:30 187 18 0.9 Restarted in'ection. 
1200 232 20 1.3 

AW0095C 11/8/04 1230 281 23 1.7 
1300 342 25 2.1 
1335 412 25 2.1 
1500 597 25 2.3 
15:30 671 25 2.2 
16:00 710 25 1.3 
16:30 747 1 iWell si honed to 28"H 	atter shutdown. 
745 0 Molasses 
815 68 20 1.2 Sodium Phos hate Butfer 

 910 90 20 0.2 
........ 915 96 22 0.6 

 945 109 25 0.6 
1015 119 25 0.4 

AW00776 11/9/04 10:45 159 23 1.3 
1055 Stopped in'ection. Well si honed to 8"Hq atter shutdown. 
1200 299 25 2.6 

.. 1300 487 25 3.5 
14:00 728. 25 4.5 
15: 00  983. 25 4.8 
1515 1 	1,038. 26 <1.0 I I Flowrate quickly diminished. 

 15:38 1 	1,068 27 0.5 
745 0 Molasses 
815 387 12 16.0 Sodium Phos hate Butfer 

AW0033C 11/9/04 ~ . 8:45 892 12 16.5 
907 1,201 1 Stop ed in'ection. Well si honed to 26"Hq atter shutdown. 
1530 12 16.0 

 1538 1,328 12 16.0 

BOE-C6-0010917 
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Figure 1 - BOEING C-6 
Lot 8 Pre-Injection Test 

Trantlucer Data - WeII AW0033C 
November 8, 2004 
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Figure 2 - BOEING C-6 
Lot 8 Pre-Injection Test 

Transducer Data = Well AW0050C 
November 8, 2004 
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C I 	 Figure 3 - BOEING C-6 
Lot 8 Pre-Injection Test 

Transducer'Data = Well AW0082C 
November 8, 2004 
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Figure 5 = BOEING C-6 
Lot 8 Pre-Injection Test 

Transducer Data = Well AW0050C 
November 9, 2004 
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Figure'6 - BOEING C-6 
Lot 8 Pre-injection Test 

Transducer Data = Well AW0082C 
November 9, 2004 
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ARCADIS Figure 7 - BOEING C-6 
Lot 8 Pre-injection Test 

Transducer'Data = WeII AW0095C 
November 9, 2005  
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